(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
25.08.2004 Bulletin 2004/35 



(H) EP 1 236 503 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Intci7: B01D 71/32, B01D 67/00 



(21) Application number: 02004182.8 

(22) Date of filing: 26.02.2002 



(54) Semipermeable porous membranes of semi-crystalline fluoropolymers 

Semipermeable porose Membranen aus halbkristal linen Fluorpolymeren 
Membranes semi-permeables poreuses de fluoropolymeres semi-cristallins 



00 
CO 

o 

LO 

CO 
CO 
CM 



CL 
LU 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 01.03.2001 IT MI010421 

(43) Date of publication of application: 
04.09.2002 Bulletin 2002/36 

(73) Proprietor: Solvay Solexis S.p.A. 
20121 Milano(IT) 

(72) Inventors: 

• Maccone, Patrizia 
20100 Milano (IT) 



• Fossati, Paolo 
20147 Milano (IT) 

(74) Representative: Sama, Daniele, Dr. 
Sama Patents, 
Via G.B. Morgagni, 2 
20129 Milano (IT) 



(56) References cited: 
US-A- 4 623 670 



US-A- 6 060 530 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 236 503 B1 



Description 

[0001] The present invention relates to membranes of fluoropolymers suitable to be used for microfiltration and ul- 
trafiltration. 

5 [0002] More specifically the invention relates to semipermeable porous membranes based on copolymers ethylene/ 
chlorotrifluoroethylene (E/CTFE) which show an optimal combination of chemical, thermal and mechanical resistance. 
For this very good combination of properties the membranes of the invention can be used for the purification (micro- 
filtration) of strongly aggressive chemicals such as strong acids and bases. 

[0003] Membranes of fluoropolymers for the chemical purification are known in the prior art. For example porous 
10 PVDF membranes are known, prepared by casting or by plasticization/subsequent extraction of the plasticizer. The 
drawback of these membranes is that they cannot be used in basic environment since they show poor chemical re- 
sistance. 

[0004] Membranes based on ethylene/chlorotrifluoroethylene (E/CTFE) are also known, copolymer commercially 
known as Halar, which are suitable forthe microfiltration (purification) of strong acids and bases. See for example USP 
15 4,623,670 and USP 4,702,836 wherein membranes for example of Halar® and the process for preparation thereof are 
described. 

[0005] In USP 4,623,670 and USP 4,702,836 a procedure is described for preparing fluoropolymer membranes, i. 
e. of copolymers of ethylene with tetrafluoroethylene (E/TFE) or with chlorotrifluroethylene (E/CTFE) and homopoly- 
mers of chlorotrifluoroethylene (PCTFE), by mixing 10-60% by volume of polymer, with 7-42% by volume of inert com- 

20 pound (silica) and 30-75% by volume of PCTFE oligomers as plasticizer; afterwards the mixture is extruded to be 
plasticized at 250°C and pellets of plasticized compound are thus obtained useful for the subsequent obtainment of 
manaufactured articles such as for example compression molded plaques, hollow fibers. The fluoropolymer membrane 
was obtained by a first extraction of the manufactured article with 1 ,1 ,1 -trichloroethane at50°Cforone hourto remove 
the plasticizer (PCTFE oligomers) and lastly by a subsequent extraction of the inert compound (silica) by NaOH at 

25 40% at 70°C for one hour. In this way membranes having a porosity in the range 40-90% with a pore average size of 
0.01 -5ujti were obtained. The polymers of the aforesaid membranes are semi-crystalline compounds insoluble at room 
temperature and besides plasticizable at high temperature. 

[0006] The drawback of the process described in the above patents is that it requires high plasticization temperatures 
and the use of high amounts of plasticizer formed by CTFE oligomers which is a very expensive product. If the plasticizer 

30 is used in amounts lower than 30% by volume, porous membranes are not obtained. Besides the use of high amounts 
of plasticizer has the drawback to require the addition of inert compound, for example silica, to give sufficient mechanical 
properties so to allow the extrusion of the manufactured articles to be subjected to the subsequent plasticizer extraction 
to obtain the porous membrane. In the extraction process a chlorinated solvent, 1,1 ,1 -trichloroethane, is used, which, 
as well known, is highly toxic. The process requires also a further treatment with concentrated caustic soda for the 

35 extraction of the inert compound (silica). Therefore the process results complicated and expensive. 

[0007] The need was therefore felt to have available porous membranes of fluoropolymers obtainable by a simplified 
and cheap process which avoided the drawbacks of the above prior art. 

[0008] Membranes based on fluoropolymers ethylene/chlorotrifluoroethylene (Halar®) and their preparation process 
solving the above technical problem, have been unexpectedly and surprisingly found. 
40 [0009] An object of the present invention are therefore semipermeable porous membranes having the average pore 
diameter in the range 0.01-3 jim, more specifically 0.1-0,7 jim, and a porosity in the range 30%-90%, based on semi- 
crystalline fluoropolymers mainly formed by ethylene copolymers with chlorotrifluoroethylene and/ortetrafluoroethylene 
and at least another monomer comprising: 

45 (a) from 1 0 to 70%, preferably from 35 to 55%, by moles of ethylene, 

(b) from 30 to 90%, preferably from 45 to 65%, by moles of afluorinated monomer selected from tetrafluoroethylene, 
chlorotrifluoroethylene. or mixtures thereof, 

(c) from 0.1 to 30%, preferably from 1 to 15%, by moles, with respect to the total amount of monomers (a) and (b), 
of a hydrogenated monomer of formula: 

50 

CH^CH-fCH^-R, (I) 

wherein R 1 = -OR 2 , or -(0) t CO(0) p R 2 wherein t and p are integers equal to 0.1 and R 2 is a linear or branched 
55 c r C 20 alk y | ) or acycloalkyl, optionally containing heteroatoms and/or chlorine atoms, preferably the heteroatoms 

are O or N; 

R 2 can optionally contian one or more functional groups, preferably selected from OH, COOH, epoxy, ester and 
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ether group; R 2 can optionally contain double bonds, or it can be H; 
n is an integer in the range 0-10. 

[0010] More preferred compositions of the invention copolymers are the following: 

5 

(a) from 35 to 45%, by moles of ethylene. 

(b) from 55 to 65% by moles of a fluorinated monomer selected from tetrafluoroethylene, chlorotrifluoroethylene, 
or mixtures thereof, 

(c) from 3.5 to 11.5% by moles, with respect to the total amount of monomers (a) and (b) . of a hydrogenated 
10 monomer of formula (I). 

[001 1] The preferred comonomers (c) are for example selected from the following classes: 

1) Acrylic monomers having general formula: 

15 

CH 2 =CH-CO-0-R 2 

wherein R 2 has the above meaning. 
20 Ethylacrylate, n-butylacrylate, acrylic acid, hydroxy ethyl aery I ate, hydroxypropylacrylate, (hydroxy)ethyl-hexy- 

lacrylate can for example be mentioned. 

2) Vinylether monomers having general formula: 

CH 2 =CH-0-R 2 

25 d * 

wherein R 2 has the above meaning. 

Propylvinylether, cyclohexylvinylether, vinyl-4-hydroxybutylether can for example be mentioned. 

3) Vinyl esters of the carboxylic acid having general formula: 

30 

CH 2 =CH-0-CO-R 2 

wherein R 2 has the above meaning. 
35 Vinyl-acetate, vinylpropionate, vinyl-2-ethylhexannoate can for example be mentioned. 

4) Unsaturated carboxylic acids having general formula: 

CH 2 =CH-(CH 2 ) n -COOH 

40 

wherein n has the above meaning. 
For example vinylacetic acid. 

[0012] Preferably as comonomers the acrylic ones of class 1 ) are used. 

45 [0013] The membranes of the present invention are obtained from the above mentioned fluoropolymers which are 
semi-crystalline and therefore show a melting point determinable by calorimetric analaysis (DSC). 
[001 4] The membranes of the present invention are obtained starting from the above semi-crystalline fluoropolymers 
by their plasticization, with plasticizers suitable to obtain a solution, subsequently formed in a membrane and then 
subjected to the plasticizer extraction. In particular the process comprises the hot mixing of the aforesaid polymers 

50 with one or more plasticizers. The temperature at which the solution is prepared ranges from 140°Cto 195°C, preferably 
from 160°Cto 180°C. 

[0015] The so obtained solution is worked by extrusion, molding by injection or compression to give the desired 
shape to the membrane. Then the so obtained membrane is dipped into a solvent to extract the plasticizer. It is possible 
to extract at room temperature obtaining a complete plasticizer extraction in a time ranging from some minutes to some 
55 hours, depending on the thickness, the type of the extractant and stirring. Generally times of few minutes are sufficient 
to completely extract the plasticizer. After extraction the porous invention membrane is obtained. 
[0016] The plasticizers used in the process are selected from the plasticizers known in the prior art having a vapour 
pressure lower than 5 mm Hg, preferably lower than 2 mm Hg, at the temperature of 1 60°C. 
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[0017] The plasticizer amount ranges between 10% and 70% by weight with respect to the fluoropo ly men preferably 
between 25% and 65%, more preferably between 35% and 55%, depending on the porosity of the final membrane one 
wants to obtain. 

[0018] Hydrogenated plasticizers are preferably used. Citrates, phthalates, trimellitates, adipates can for example 
5 be mentioned. Preferably citrates and trimellitates are used, in particular acetyltri-n -butyl citrate and trihexyltrimellitate. 
The hydrogenated plasticizers preferably used in the invention are available on the market at low costs. This represents 
an advantage of the present invention. 

[001 9] As extraction solvents, solvents wherein the plasticizer is soluble, but which are not compatible with the fluor- 
opolymer, so as not to cause the swelling thereof, are used. 
10 [0020] The most commonly used class of solvents is that of aliphatic alcohols, preferably having a short chain, for 
example from 1 to 6 carbon atoms, more preferably methanol and isopropanol. 

[0021] The mebranes of the present invention have a high chemical resistance. Dipping tests in an aqueous solution 
of sodium hydroxide (NaOH) at 30% by weight at the temperature of 50°C have shown that even after one month the 
membrane substantially shows the same initial mechanical properties, for example tensile properties, such as modulus, 
15 stress and strain yield, stress and elongation at break. Besides the membrane does not show phenomena of colour 
variation (discoloration). 

[0022] Some Examples follow for illustrative and not limitative purposes of the invention. 
EXAMPLES 

20 

Characterization 
[0023] 

25 - Porosity determination 

The porosity is calculated as follows: 



Porosity % = (d,-d mp )/d,-1 00 

30 

wherein 

dj = initial density of the polymer; 

d mp = density of porous membrane obtained from the polymer after the plasticization process and subsequent 
35 extraction. 

The densities are determined by weighing of the specimen in air and in water at the temperature of 25°C 

according to the ASTM D 792 method. 

Measurements of permeability to water 
40 The permeability is measured by using glass cups, having a 100 ml capacity, an external diameter of 54 mm 

and an internal one of 50 mm. The cups are filled with 50 ml of water, covered with the specimen of the membranes 

and then placed, overturned, in a drier containing silica gel so as to create an external environment to the specimen 

and to the cup wherein the humidity is equal to zero. The permeability to water is determined by gravimetry, weighing 

in the time the cup and quantifying the weight loss in the unit of time. 
45 - Average size of the pores 

It has been determined by analysis of the AFM (Atomic Force Microscopy) photos carried out by the Autoprobe 

CP instrument by Park Scientific Instruments and of the SEM (Scanner Electonic Microscopy) photos carried out 

by the Cambridge Stereoscan S200 instrument. 

Chemical resistance measurements 
50 They have been carried out by a dipping method in an aqueous solution of sodium hydroxide at 30% by weight 

(ASTM D 543). 

EXAMPLE 1 

55 [0024] A mixture has been prepared containing 15.708 g of a terpolymer ethylene/chlorotrifluoroethylene/butylacr- 
ylate (40 .4/-55. 1/4.5% by moles; the percentage of butylacrylate with respect to the sum of E/CTFE is 4.7) and 10 ml 
of acetyltri-n-butylcitrate as plasticizer, under mechanical stirring, at a temperature of 180°C. 
[0025] Once cooled, said mixture has been moulded by compression bettween two aluminum sheets at 200°C. 
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[0026] The so obtained plaque, having a thickness of 0.30 mm, has been dipped into methanol at room temperature 
for 24 hours. 

[0027] A continuous membrane without visually detectable surface defects was obtained, the properties of density, 
porosity and permeability of which are reported in Table 1 . 

5 

EXAMPLE 2 (comparative) 

[0028] The terpolymer of Example 1 has been moulded by compression at 200°C obtaining two plaques having a 
thickness of 0.10 mm. 

10 [0029] On the former plaque, having a density equal to 1 .66 g/ml, the permeability to water has been determined; it 
resulted equal to 0.11 g-mm/ (m 2 24h). 

[0030] The latter plaque has been dipped into methanol at room temperature for 24 hours. 

[0031] A continuous membrane without visually detectable defects was obtained, the density and permeability to 
water of which resulted equal to those of the former plaque the values of which are reported in Table 1 . 
15 [0032] If the density, porosity and permeability data of Example 1 are compared with those of Example 2, it can be 
seen that the presence of the plasticizer allows to obtain porous membranes. 

EXAMPLE 3 (comparative) 

20 [0033] A mixture containing 11 .31 7 g of the terpolymer of Example 1 and 20 m I of acety It ri-n-butylcit rate was prepared 
under mechanical stirring, at a temperature of 180°C. 

[0034] Once cooled, said mixture has been moulded by compression between two aluminum sheets at 200°C. 
[0035] The so obtained plaque, having a thickness of 0.05 mm has been dipped into acetone at room temperature 
for 24 hours. 

25 [0036] A continuous membrane without visually detectable defects was obtained, the properties of which are reported 
in Table 1 . 

EXAMPLE 4 

30 [0037] The plaque, having a thickness of 0.05 mm obtained from the preparation of Example 3. has been dipped 
into methanol at room temperature for 24 hours. 

[0038] A continuous membrane without visually detectable defects was obtained, having an average size of the 
pores around 0.3 ujti, the properties of which are reported in Table 1 . 

[0039] From the comparison of the results of Examples 3 and 4 it results that the extracting solvent used in Example 
35 3 is not suitable since it swells the used fluoropolymer. On the contrary the same test repeated with methanol does 
not show any appreciable swelling. 

EXAMPLE 5 

40 [0040] A mixture containing 9.988 g of a terpolymer ethylene/chlorotrifluoroethylene/butylacrylate (35/55/10% by 
moles; the percentage of butylacrylate with respect to the sum of E/CTFE is of 1 1 .1 ) and 3 ml of acety Itri-n-butylcitrate, 
has been prepared under mechanical stirring, at a temperature of 1 80°C. 

[0041] Once cooled, said mixture has been moulded by compression between two aluminum sheets at 200°C. 
[0042] The so obtained plaque, having a thickness of 0.05 mm has been dipped into methanol at room temperature 
45 for 24 hours. 

[0043] A continuous membrane without visually detectable defects was obtained, the properties of which are reported 
in Table 1 . 

EXAMPLE 6 (comparative) 

50 

[0044] The terpolymer of Example 5 has been moulded by compression at 200°C obtaining two plaques having a 
thickness of 0.40 mm. 

[0045] On a plaque having a density equal to 1 .66 g/ml the permeability to water was determined. 
[0046] The other plaque has been dipped into methanol at room temperature for 24 hours. 
55 [0047] A continuous membrane without visually detectable defects was obtained, the density and permeability to 
water of which resulted equal to those of the previous plaque. 
[0048] The results are reported in Table 1 . 

[0049] The data reported in Table 1 referred to Examples 5 and 6 (comparative) show the same trend of Examples 
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1 and 2 as above reported. 

[0050] Besides, if the data of Example 5 are compared with those of Example 1 , it is noticed that by increasing the 
amount of butyl acrylate, the same porosity and density values are reached, even operating with a lower amount of 
plasticizer. 

5 

EXAMPLE 7 

[0051] Example 1 has been repeated using as plasticizer the trihexyltrimellitate instead of acetyltri-n-butylcitrate and 
a plaque having a thickness equal to 0.06 mm instead of 0.30 mm. 
10 [0052] A continuous membrane without visually detectable defects was obtained, the properties of which are reported 
in Table 1 . 

EXAMPLE 8 (comparative) 

15 [0053] An ethylene/chlorotrifluoroethylene copolymer (49/51 % by moles) has been used as fluoropolymer: to 8.5 g 
of polymer, 15 ml of acetyltri-n-butylcitrate have been added under stirring at a temperature of 1 80°C. 
[0054] No solution was obtained since the two separated phases of copolymer and plasticizer were noticed. Even 
by increasing the temperature up to 200°C no solution was obtained. Therefore it is not possible to obtain porous 
membranes. 

20 
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Claims 

1. Semipermeable porous membranes having the average pore diameter in the range 0.01-3 jim, more specifically 
0.1 -0,7 jam, the porosity of which is in the range 30%-90%, based on semi-crystal I inef I uoropolymers mainly formed 
by ethylene copolymers with chlorotrifluoroethylene and/or tetrafluoro ethylene and at least another monomer com- 
prising: 

(a) from 1 0 to 70%, preferably from 35 to 55%, by moles of ethylene, 

(b) from 30 to 90% ; preferably from 45 to 65%, by moles of a fluorinated monomer selected from tetrafluor- 
oethylene, chlorotrifluoroethylene, or mixtures thereof, 

(c) from 0.1 to 30%, preferably from 1 to 15%, by moles, with respect to the total amount of monomers (a) and 
(b), of a hydrogenated monomer of formula: 

CH 2 =CH-(CH a ) n -R 1 (I) 

wherein R 1 = -OR 2 , or -(0) t CO(0) p R 2 wherein t and p are integers equal to 0.1 and R 2 is a linear or branched 
Ci-C 2 o alkyl, or a cycloalkyl, optionally containing heteroatoms and/or chlorine atoms, preferably the heter- 
oatoms are O or N; R 2 can optionally contain one or more functional groups, preferably selected from OH, 
COOH, epoxy, ester and ether group; R 2 can optionally contain double bonds, or it can be H; 
n is an integer in the range 0-10. 

2. Membranes according to claim 1 , wherein the fluoropolymer is formed by: 

(a) from 35 to 45%, by moles of ethylene, 

(b) from 55 to 65% by moles of a fluorinated monomer selected from tetrafluoroethylene, chlorotrifluoroethyl- 
ene, or mixtures thereof, 

(c) from 3.5 to 11 .5% by moles, with respect to the total amount of monomers (a) and (b), of a hydrogenated 
monomer of formula (I). 

3. Membranes according to claims 1 -2, wherein the comonomers (c) are selected from the following classes: 

1) Acrylic monomers having general formula: 

CH 2 =CH-CO-0-R 2 

wherein R 2 has the above meaning. 

2) Vinylether monomers having general formula: 

CH 2 =CH-0-R 2 

wherein R 2 has the above meaning. 

3) Vinyl esters of the carboxylic acid having general formula: 

CH 2 =CH-0-CO-R 2 

wherein R 2 has the above meaning. 

4) Unsaturated carboxylic acids having general formula: 

CH 2 =CH-(CH 2 ) n -COOH 

wherein n has the above meaning. 
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4. Membranes according to claim 3, wherein the comonomers (c) are the acrylic ones of class 1 ). 

5. A process for preparing the membranes of claims 1-4, starting from the semi-crystalline fluoropolymers by their 
plasticization with plasticizers until a solution is obtained which is subsequently formed in a membrane and from 

5 which the plasticizers are then extracted. 

6. A process according to claim 5, wherein the solution of the fluoropolymers with one or more plasticizers is obtained 
at a temperature from 140°Cto 195°C, preferably from 160°Cto 180°C. 

10 7. A process according to claims 5-6, wherein the used plasticizers have a vapour pressure lower than 5 mm Hg, 
preferably lower than 2 mm Hg, at the temperature of 1 60°C. 

8. A process according to claims 5-7, wherein the amount of plasticizers ranges between 10% and 70% by weight 
with respect to the fluoropolymer, preferably between 25% and 65%, more preferably between 35% and 55%. 

15 

9. A process according to claims 5-8, wherein hydrogenated plasticizers are used. 

10. A process according to claim 9 ; wherein the plasticizers are selected from citrates, phthalates, trimellitates ; adi- 
pates, preferably citrates and trimellitates. 

20 

11. A process according to claims 5-10, wherein the extraction solvents are selected from the solvents wherein the 
plasticizer is soluble, but which are not compatible with the fluoropolymer so as not to cause the swelling thereof. 

12. A process according to claim 11, wherein the solvents are selected from aliphatic alcohols, preferably having a 
25 short chain from 1 to 6 carbon atoms. 

13. A process according to claim 12, wherein the solvents are methanol and isopropanol. 



30 Patentanspruche 

1. Halbdurchlassige, porose Membranen mit einem durchschnittlichen Porendurchmesser im Bereich von 0,01 - 3 
jam, insbesondere 0,1 - 0,7 ujm, und einer Porositat im Bereich von 30% bis 90% auf der Basis eines halbkristallinen 
Fluorpolymers hauptsachlich aus einem Copolymeren von Ethylen und Chlortrifluorethylen und/oder Tetraf I uore- 
35 thylen und wenigstens einem Monomer enthaltend: 

(a) 10 bis 70, vorzugsweise 35 bis 55 Mol-% Ethylen, 

(b) 30 bis 90, vorzugsweise 45 bis 65 Mol-% eines fluorierten Monomeren, ausgewahlt aus Tetrafluorethylen, 
Chlortrifluorethylen oderderen Mischungen: 

40 (c) 0,1 bis 30 : vorzugsweise 1 bis 15 Mol-% bezogen auf die Gesamtmenge der Monomeren (a) und (b) eines 

hydrierten Monomers der Formel 



CH 2 -CH-(CH2) n -R 1 (I) 

worin R-| = -OR 2 oder -(0) t CO (0) p R 2 ist und t und pganzeZahlen gleich 0,1 und R 2 ein linearer oderverzweigter 
C 1 - C 20 - Alkyl- oder -Cycloalkylrest ist, der gegebenenfalls Heteroatome und/oder Chloratome enthalt, wobei die 
Heteroatome vorzugsweise O oder N sind und R 2 gegebenenfalls eine oder mehrerefunktionelle Gruppen enthalt, 
die vorzugsweise aus OH-, COOH-, Epoxi-, Ester- und Ethergruppen ausgewahlt sind, R 2 gegebenenfalls Dop- 
pelbindungen enthalten oder H sein kann, und n eine ganze Zahl im Bereich von 0 bis 10 ist. 

2. Membranen nach Anspruch 1 , worin das Fluorpolymer gebildet ist aus 

(a) 35 bis 45 Mol-% Ethylen, 

(b) 55 bis 65 Mol-% eines fluorierten Monomers, ausgewahlt aus Tetrafluorethylen, Chlortrifluorethylen oder 
deren Mischungen, und 

(c) 3,5 bis 11,5 Mol-%, bezogen auf die Gesamtmenge der Monomeren (a) und (b), des hydrierten Monomers 
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der Formel (I). 

3. Membranen nach Anspruchen 1 und 2, worin die Comonomeren (c) aus den folgenden Klassen ausgewahlt sind: 
5 1) Acrylmonomere der allgemeinen Formel 

CH 2 =CH-CO-0-R 2 

10 worin R 2 die oben angegebene Bedeutung hat. 

2) Vinylethermonomere der allgemeinen Formel 

CH 2 =CH-0-R 2 , 

worin R 2 die oben angegebene Bedeutung hat. 

3) Vinylester von Carbonsauren der allgemeinen Formel 

20 

CH 2 =CH-0-CO-R 2 , 
worin R 2 die oben angegebene Bedeutung hat. 

25 

4. Membranen nach Anspruch 3, worin die Comonomeren (c) Acrylmonomere der Klasse 1) sind. 

5. Verfahren zur Herstellung der Membranen nach Anspruchen 1 bis 4, ausgehend von den semikristallinen Fluor- 
polymeren, durch Plastifizierung mit Weichmachern bis zum Erhalt einer Losung, die anschliessend zu einer Mem- 

30 bran geformt wird, aus der die Weichmacher dann extrahiert werden. 

6. Verfahren nach Anspruch 5, worin die Losung des Fluorpolymers mit einem oder mehreren Weichmachern bei 
einer Temperatur von 1 40°C bis 1 95°C, vorzugsweise von 1 60°C bis 1 80°C erhalten wird. 

35 7. Verfahren nach Anspruchen 5 bis 6, worin die eingesetzten Weichmacher bei einer Temperatur von 1 60°C einen 
Dampfdruck unter 5 mm Hg, bevorzugt unter 2 mm Hg, haben. 

8. Verfahren nach Anspruchen 5 bis 7, worin die Menge der Weichmacher zwischen 10 und 70, vorzugsweise zwi- 
schen 25 und 65 und starker bevorzugt zwischen 35 und 55 Gew.-%, bezogen auf das Gewichtdes Fluorpolymers 

40 gleich 100, betragt. 

9. Verfahren nach Anspruchen 5 bis 8, worin hydrierte Weichmacher eingesetzt werden. 

10. Verfahren nach Anspruch 9, worin die Weichmacher aus Citraten, Phthalaten, Trimellitaten und Adipaten, vorzugs- 
45 weise Citraten und Trimellitaten, ausgewahlt sind. 

11. Verfahren nach Anspruchen 5-10, worin die Extraktionslosungsmittel aus Losungsmitteln ausgewahlt sind, in 
denen der Weichmacher loslich ist, die aber nicht mit dem Fluorpolymer vert rag lich sind, urn keine Quellung zu 
bewirken. 

50 

1 2. Verfahren nach Anspruch 1 1 , worin die Losungsmittel aus aliphatischen Alkoholen, vorzugsweise mit kurzen Ketten 
von 1 bis 6 Kohlenstoffatomen, ausgewahlt sind. 

13. Verfahren nach Anspruch 12, worin die Losungsmittel Methanol und Isopropanol sind. 

55 
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Revendications 

1. Membranes poreuses semi-permeables ayant le diametre de pore moyen compris dans la gamme de 0,01 a 3 
jam, plus specif iquement de 0,1 a 0,7 ujti, dont la porosite est comprise dans la gamme de 30 % a 90 %, basees 

5 sur des fluoropolymeres semi-cristalline formes principalement par des copolymeres d'ethylene avec du chloro- 

trifluoroethylene et/ou du tetrafluoroethylene et au moins un autre monomere comprenant : 

(a) de 10 a 70 %, de preference de 35 a 55 %, en moles d'ethylene, 

(b) de 30 a 90 %, de preference de 45 a 65 %, en moles, d'un monomere fluore choisi parmi le tetrafluoroethy- 
10 lene, le chlorotrifluoroethylene ou des melanges de ceux-ci. 

(c) de 0,1 a 30%, de preference de 1 a 15 %, en moles, par rapport a la quantite totale de monomeres (a) et 
(b), d'un monomere hydrogene de formule : 

, 5 CH^CH-tCH^-R, (I) 

dans laquelle R.|=-OR 2 , ou -(0) t CO(0) p R 2 dans lequel t et p sont des entiers egaux a 0,1 et R 2 est un groupe 
alkyle en C-, a C 20 linearte ou ramifie, ou un groupe cycloalkyle, contenant facultativement des heteroatomes et/ 
ou des atomes de chlore, les heteroatomes sont de preference O ou N ; R 2 peut facultativement contenir un ou 
20 plusieurs groupes fonctionnels, choisis de preference parmi un groupe OH, COOH, epoxy, ester et ether; R 2 peut 

facultativement contenir des doubles liaisons, ou il peut etre un atome d'hydrogene ; 

n est un entier compris entre 0 et 1 0. 

2. Membranes selon la revendication 1 . dans lesquelles le fluoropolymere est forme par : 

25 

(a) de 35 a 45 %, en moles d'ethylene, 

(b) de 55 a 65 % en moles d'un monomere fluore choisi parmi le tetrafluoroethylene, le chlorotrifluoroethylene 
ou des melanges de ceux-ci, 

(c) de 3,5 a 1 1 ,5 % en moles par rapport a la quantite totale de monomeres (a) et (b), d'un monomere hydrogene 
30 de formule (I). 

3. Membranes selon les revendications 1 ou 2 dans lesquelles les comonomeres (C) sont choisis dans les classes 
suivantes 

35 I) les monomeres acryliques repondant a la formule generale 

CH 2 =CH-CO-0-R 2 

40 dans laquelle R 2 a la signification ci-dessus. 

2) les monomeres vinylether repondant a la formule generale 

CH 2 =CH-0-R 2 

45 

dans laquelle R 2 a la signification ci-dessus. 

3) les esters vinyliques de I'acide carboxylique repondant a la formule generale : 
50 CH 2 =CH-0-CO-R 2 

dans laquelle R 2 a la signification ci-dessus. 

4) les acides carboxyliques insatures repondant a la formule generale : 

CH 2 =CH-(CH 2 ) n -COOH 
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dans laquelle n a la signification ci-dessus. 

4. Membranes selon la revendication 3, dans lesquelles les comonomeres (c) sont les monomeres acryliques de 
classe 1). 

5 

5. Precede de preparation des membrane selon les revendications 1 a 4, commencant a partir des fluoropolymeres 
semi-cristallins par leur plastification avec des plastifiants jusqu'a ce qu'une solution soit obtenue qui est ulterieu- 
rement formee en une membrane, et de laquelle les plastifiants sont ensuite extraits. 

10 6. Procede selon la revendication 5, dans lequel la solution des fluoropolymeres avec un ou plusieurs plastifiants est 
obtenue a une temperature allant de 1 40°C a 1 95°C, de preference de 1 60°C a 1 80°C. 

7. Procede selon les revendications 5 ou 6, dans lequel les plastifiants utilises ont une pression de vapeur inferieure 
a 5 mm Hg, de preference inferieure a 2 mm Hg, a la temperature de 1 60°C. 

15 

8. Procede selon les revendications 5 a 7, dans lequel la quantite des plastifiants varie entre 10 % et 70 % en poids 
par rapport au fluoropolymere, de preference entre 25 % et 65 %, de maniere davantage preferee entre 35% et 
55 %. 

20 9. Procede selon les revendications 5 a 8, dans lequel des plastifiants hydrogenes sont utilises. 

10. Procede selon la revendication 9, dans lequel les plastifiants sont choisis parmi les citrates, les phtalates, les 
trimellitates, les adipates, de preference les citrates et les trimellitates, 

25 11. Procede selon les revendications 5 a 1 0, dans lequel les solvants d'extraction sont choisis parmi les solvants dans 
lesquels le plastifiant est soluble, mais qui ne sont pas compatibles avec le fluoropolymere de facon a provoquer 
le gonflement de celui-ci. 

12. Procede selon la revendication 11 , dans lequel les solvants sont choisis parmi les alcools aliphatiques, ayant de 
30 preference une chaTne courte de 1 a 6 atomes de carbone. 

13. Procede selon la revendication 12, dans lequel les solvants sont le methanol et I'isopropanol. 

35 



40 



45 



50 



55 



12 



